ABSTRACT. A method has been developed to isolate pure preparations of nuclei in high yield from commercially available viable rice embryos (germ), employing extraction with buffer solution containing glycerol (without detergent) and polyamine, followed by centrifugation on a 30% Percoll cushion. The intactness of the isolated nuclei was confirmed by light microscopy as well as electron microscopy. The protein profiles of both whole nuclei and nuclear extracts obtained by SDS-PAGE, organellar marker enzymeactivities, DNAand RNA analyses, and in vitro RNAsynthesis, all indicate that the highly purified nuclei are isolated from rice embryos.
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The biosynthesis of proteins encoded by the nuclear genomeconsists of sequentially oriented networks compartmentalized in the cell; DNAtranscription and RNA processing occur in the nuclei and subsequent RNA transport and translation of mRNA in the cytoplasm. Although the detailed mechanisms of each of these steps has been the subject of intensive cellular and molecular biological studies, RNAsynthesis in the nuclei is of particular interest and importance because of the role of proteins specifically involved in the transcriptional regulation. In recent years muchresearch interest has been focused on elucidating the mechanismsof transcriptional regulation using isolated nuclei of plant origin (2, 8, 17). One can thus readily recognize that isolation of intact nuclei is of prime importance to study the import mechanismacross the nuclear envelopes of various regulatory proteins engaged in the transcriptional activities of the nuclear genome. Since signal sequence(s) of amino acids relating to the import of nuclear proteins have been characterized in the mammalian system (4, 18), it is desirable to construct a feasible experimental system using plant materials to advance our knowledge concerning the mechanism(s) operating Abbreviations used: ADH,alcohol dehydrogenase; DAPI, 4',6-diaminino-2-phenylindole-dihydrochloride; G6PDH, glucose-6-P dehydrogenase; HMG,high mobility group; NGM,nuclei-grinding medium; 6PGDH, gluconate-6-P dehydrogenase.
in their gene expression.
It is knownthat the nuclear pore complex is closely related to protein import into the nuclear matrix (6, 18, 22). As with other organelles, the isolation of intact nuclei requires the preservation of the integrity of the nuclear envelopes. In general the use of non-ionic detergents such as Triton X-100 causes the deterioration of the nuclear envelope membranes. Another serious problem inherent to the isolation of nuclei from plant tissues is the inevitable use of physical shear to break up the cell wall. Furthermore, special caution must be given to suppress the DNase, RNase and protease activities which can readily degrade the nuclear components during isolation (10, 29).
We have recently been engaged in a study exploring the mechanism(s) of transcriptional regulation of aamylase gene during the germination of rice seeds (1, 19, 20) , and toward this end we are attempting to characterize the regulatory protein components. The isolation and characterization of pure nuclei from rice embryos, which could help us to achieve this goal, constitute the work described in this communication.
MATERIALS AND METHODS
Rice embryos. Embryotissues of rice {Oryza sativa var. Nipponbare) used in this investigation, which was kindly provided to us from Gekkeikan Shuzo Co. Ltd (Kyoto), was stored at 4°C prior to use. Alternatively, rice embryos were prepared from fresh whole rice (Nipponbare) seeds by brief homogenization in a Waring blender. The ground material was then passed through a graded wire mesh screen to remove endosperm tissues, and the sieved embryos were floated on a mixture of carbon tetrachloride and cyclohexane (25: CaCl2 at 30°C after sterilization (1% NaCIO for lO min). Isolation of nuclei. Eighty g of dry or germinated rice embryos were homogenized for 60 sec and subsequently for 30 sec using a Polytron (Brinkmann; PT20ST) in 320 ml of nuclei-grinding medium (NGM) consisting of 20 mMTris-HCl (pH 7.4), 2mMEDTA, 0.5 mMEGTA, 0.5 mMspermidine, 0.15mM spermine, 10mM 2-mercaptoethanol, and 40%
(v/v) glycerol. The homogenate was filtered through 4 layers of cheesecloth and 1 layer of Miracloth (Calbiochem) and 40 ml of the filtrate were layered over 10 ml of 30% Percoll (Pharmacia) in NGMin Falcon tubes. The material was centrifuged at 3,500 rpm for 20 min in a swing rotor (Kubota KN-70). The fraction banding above the 30%Percoll cushion was recovered and 2 vol of NGMwere added to dilute Percoll. After repeated centrifugation (3,500 rpm, 20 min), the pellet was suspended in 10ml of NGMand layered over 10ml of 30% Percoll in NGMin an SW-27 tube, and centrifuged for 30 min at 6,800 rpm in a BeckmanSW-27rotor. Nuclei recovered in a band above the 30% Percoll layer was diluted with 2 volumes ofNGMand centrifuged at 3,500 rpm for 15 min in a Kubota swing rotor (KN-70). The nuclei pellet was suspended in 15 ml of NGM and centrifuged again to remove the residual Percoll. The final nuclear pellet was suspended in 1 ml of NGMcontaining 50% glycerol and stored at -80°C until use. Light and electron microscopy. A small amount of nuclear preparation was mixed with a drop of staining solution of 1 //g/ml DAPI in NGMon a slide glass, and observed with an OlympusBHS-RFK epi-fluorescence microscope equipped with phase contrast objectives, UVFx40PL (Olympus Optical Co. Ltd., Tokyo, Japan). DAPI was excited by light from a 100 Wmercury lamp, using a dichroic mirror and filters for UVirradiation. Photographs were taken with Fujichrome 35 mmcolor film of ASA100. For electron microscopy, samples were fixed with 2%(w/v) glutaraldehyde in NGM(containing 50% glycerol) for 2 hr at room temperature, washed with NGMand then post fixed with 1% OsO4 for 12hr at 4°C. They were dehydrated in a graded series of ethanol and propylene oxide and embedded in Epon 812 resin. The this sections were stained with uranyl acetate for 1 hr and poststained with lead citrate for 5 min.
Enzyme assays and others. Assay methods for marker enzyme activities and analytical methods are as follows (7) containing up to 30%Percoll concentration (Fig. 1) . Wehave found that discontinuous Percoll gradient centrifugation causes aggregation of nuclei accompanying drastic reduction of the yield. Consequently, a combination of the step centrifugation on the 30%Percoll cushion to remove starch granules and the differential centrifugation to removecytosolic components has been used to achieve the satisfactory separation of pure nuclear fractions in high yield. Microscopic examination of nuclei. Structural characterization of isolated nuclei was performed by examination with both light and electron microscopes. As can be seen from Fig. 2 , the DAPI-stained fluorescent image (A) of the nuclei derived from the dry rice embryos is perfectly superimposable with their phase-contrast microscopic image (C), indicating the absence of other contaminating organelles. A magnified microphotograph (B) clearly shows the presence of dark regions, which maybe ascribed to the characteristic "dense chromatin" in the dry seed nucleus (3). Indeed, we have found that this image disappears during germination (not shown).
The rice nucleus is 3-5 jum in diameter, relatively smaller than that of other plants, which is likely due to the smaller genome size (6-9 x 108 bp) (24) . It is also known that the rice nucleus cannot be stained with acetocarmine solution, as in the case of Arabidopsis thaliana Four ml of crude homogenates from dry rice embryos were layered on 12ml of 15-50% continuous Percoll gradient and centrifuged at 6,800rpm for 30min in a Beckman SW-27.1 rotor. After fractionation of the centrifuged gradient (1 ml portion), the nuclei were counted after DAPI staining (see Materials and Methods). Numbers of nuclei applied to the gradient were approximately 6.5 x 106 (100%). (28). Figure 2D shows the infrastructure of rice nuclei under the electron microscope; the double envelope membranestructure has been conserved. It will be also noted that the dense chromatin is clearly distinguishable (cf. Fig. 2B ).
Protein composition of nuclei derived from dry and germinated rice embryos. The protein composition was compared between nuclei of dry and germinated rice embryos (Fig. 3) . The results of SDS-PAGEof the nuclear proteins showed that the electrophoretic mobilities of H3 and H4 were very similar to those of calf thymus histones, whereas HI, H2a and H2b appeared to be different. It is well known that in contrast to the highly conserved nature of H3 and H4, HI, H2a and H2b are variable amongvarious species (26) . Furthermore, in agreement with results of previous investigations using wheat embryos (27) , the histone content did not differ much during the 2-d germination period of rice embryos.
Solubilized nuclear protein components obtained by the treatment with 0.5 M KC1 were subjected to SDS-PAGE analysis and results shown in Fig. 3B . Nuclei were sedimented at 3,000 x g for 5 min. The resultant pellet was then gently resuspended on ice in 5.2 ml of nuclear lysis buffer (110 mMKC1, 15 mMHepes/KOH pH 7.6, 5 mMMgCl2, 1 mMDTT, 5 //g/ml antipain, 5 jug/ml leupeptin) and transferred to a Beckman R-50 centrifuge tube, followed by the addition of 0.8 ml of 3 M KC1. The tube was gently rocked for 30 min at 4°C and then centrifuged at 45,000 rpm for 60 min. Proteins were precipitated by the addition of guishable. It can be further shown that the low mol. wt. protein components increased during 2-d germination of rice embryos. Although we have added 2-mercaptoethanol, EDTA, leupeptin and antipain to the extraction buffer, we cannot entirely excluded the possibility that the proteolytic digestion of nuclear proteins has occurred during the preparative step. It is most likely that HMGproteins are present in the rice seed nuclei (see arrow in Fig. 3B ) (25) . Purity of rice embryo nuclei. The purity of the isolated nuclei was examined by assaying several enzyme activities of organelles that could possibly contaminate the nuclear preparation. As summarized in Table la, the marker enzyme activities of cytosol, mitochondria and plastids are barely detectable. However, high activities of Cyt. c reductase, marker of ER, were found.
Consistent with previous studies at both enzymic and ultrastructural levels (6, 21), the results indicate that similarities exist between the rER and nuclear envelopes. However, it was previously reported that the use of Triton X-100 to isolate nuclei from animal cells can diminish the contamination by ER membranes (21). and it is prerequisite to analyze the complex structure of nuclei (chromatin) in eukaryotic cells.
As can be readily surmised from the studies of steroid hormone (31), there is a good possibility that regulatory proteins will be modified during the step of their entry through the nuclear envelopes. There exist multiple nuclear matrix components such as protein kinase and phosphatase which can possibly activate elements involved in the transcriptional events. Therefore, it is absolutely necessary to characterize the structure and function of nuclear components, e.g. nuclear envelope, nuclear pore (pore complex), nuclear matrix, and chromatin as well as nuclear proteins such as histone, HMG protein, and non-histone chromatin protein components. We believe that the isolation of intact nuclei from rice seed embryos will provide us with a good means of elucidating the mechanism(s) of gene expression such as that typified by a-amylase gene which is known to be activated during the step of germination and also effected by the plant hormone, gibberellin (1, 19) . It is hoped that specific protein components present in the nuclei and specifically involved in the expression of a-amylase gene can nowbe examinedat the molecular level.
